In this study, we evaluated the aquatic ecosystem health (AEH) with five grades (A; very good to E; very poor) of FAI (Fish Assessment Index), TDI (Trophic Diatom Index), and BMI (Benthic Macroinvertebrate Index) using the results of SWAT (Soil and Water Assessment Tool) stream water temperature (WT) and quality (T-N, T-P, NH 4 , NO 3 , and PO 4 ). By applying Random Forest, one of the machine learning algorithms for classification analysis, each AEH index was trained and graded from the SWAT results. For Han river watershed (34,418 km 2 ) in South Korea, the 8 years (2008~2015) observed AEH data of Spring and Fall periods at 86 locations from NAEMP (National Aquatic Ecological Monitoring Program) were used. The AEH was separately trained for Spring (FAI s , TDI s , and BMI s ) and Fall (FAI a , TDI a , and BMI a ), and the AEH results of Random Forest with SWAT (WT, T-N, T-P, NH 4 , NO 3 , and PO 4 ) as input variables showed the accuracy of 0.42, 0.48, 0.62, 0.45, 0.4, and 0.58, respectively. The reason for low accuracy was from the weak strength of the individual trees and high correlation between the trees composing the Random Forest due to the data imbalance. The AEH distribution results showed that the number of Grade A of total FAI, TDI, and BMI were 84, 0, and 158 respectively and they were mostly located at the upstream watersheds. The number of Grade E of total FAI, TDI, and BMI were 4, 50, and 13 and they were shown at downstream watersheds.
Introduction
Aquatic ecosystem is defined as a complex community where energy and nutrient exchanges occur through the interaction between living organisms and their environment. A healthy aquatic ecosystem represents a stable and sustainable aquatic environment that maintains its ecological structure, processes, functions, and resilience to stress within its range of natural variability [1] . However, multiple stressors, such as organic and inorganic pollution, land use and geomorphological changes, water extraction, invasive species and pathogens, have detrimental effects on aquatic ecosystems including hydrological, chemical, and biological aspects [2] . There are various evaluation criteria of aquatic ecosystem to decide the practice for water management and restoration on the degraded watershed.
1b shows the elevation distribution of the forest zone in the east, decreasing to the west downstream located. Two soil types of 58% sandy loam and 24% loam are dominant ( Figure 1c ). Land use is composed of 73% forest, 18% agriculture areas (6% rice paddy and 12% upland crops), and 5% urban areas, which are concentrated in the downstream of watershed including Seoul (the capital city of South Korea) ( Figure 1d ). 
Aquatic Ecosystem Health Index
South Korea has the National Aquatic Ecological Monitoring Program (NAEMP) operated by the National Institute of Environmental Research (NIER) to assess the ecological health of the stream body, which has been in operation since 2008. Based on the direct observations of stream environments, nutrients, and species of organisms, the ecological health has been evaluated using aquatic organism indices such as Fish Assessment Index (FAI), Trophic Diatom Index (TDI), and Benthic Macroinvertebrate Index (BMI) and stream environment indices such as Riparian Vegetation Index (RVI), and Habitat and Riparian Index (HRI) [34] . The program has been operated for the entire 
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Fish refers to organisms at the top level of food chain in water bodies. Using the scores for eight metrics, FAI is calculated from Equation (1) as follows:
where M1 is the total number of domestic species, M2 is the number of riffle benthic species, M3 is number of sensitive species, M4 is population ratio of tolerant species, M5 is population ratio of omnivores, M6 is population ratio of domestic insectivores, M7 is total population of sampled domestic species and M8 is population ratio of abnormalities. Each metric term is scored to 0, 6.25, and 12.5 points. Trophic diatom, the primary producer of water body food chain, refers to the diatom attached to stone or substrate such as gravel or cobble stone that are associated with energy transfer in ecosystem. TDI is calculated using Equation (2).
where a i is relative abundance of species in specimens (percentage), s i is contamination sensitivity of species (1) (2) (3) (4) (5) , v i is indicative value of species (1) (2) (3) . Benthic macroinvertebrate is the biological indicator that represents local environmental characteristics as a primary or secondary consumer of river ecosystem. Most organisms included in the benthic macroinvertebrates are aquatic insects. The BMI is calculated using Equation (3).
where i is a serial number for the designated indicator species in the sample, s i is the unit pollution index of i indicator species, h i is the appearance rank of i indicator species, and g i is the weigh index of i indicator species. Each AEH index are classified into five grades from A (very good) to E (very poor) based on the score calculated using the above equations (Table 1 ). 
SWAT Model
For stream water quality simulations, the SWAT model was used in this study. The SWAT model, developed by Agricultural Research Service (ARS) of United States Department of Agriculture (USDA), is a physically-based and semi-distributed continuous hydrological water quality model. This model allows for the assessment to be made using various parameters such as the variations in runoff depending on the different types of soil, land use, and land management, as well as the trophic transfer of phosphorus and nitrogen. In the SWAT, the entire watershed is divided in Hydrologic Response Units (HRU) to simulate precipitation, evapotranspiration, surface runoff, base flow, and groundwater for each HRU according to a water balance equation. The Modified Universal Soil Loss Equation (MUSLE) is used for the simulation of soil erosion and migration of organic chemicals such as nitrogen and phosphorous. The principles of the SWAT are elaborated in [35, 36] .
The SWAT streamflow at seven locations was calibrated and validated over 10 years (2005~2014) with R 2 (Determination coefficient) of 0.59 to 0.93, NSE (Nash and Sutcliffe model Efficiency) [37] from 0.57 to 0.95, and PBIAS from 4.5 to 21.4%. The suspended solid (SS), total nitrogen (T-N), and total phosphorus (T-P) of R 2 average values were 0.54, 0.42, and 0.47, respectively. These values satisfied the criteria specified in the SWAT calibration guidelines (NSE ≥ 0.5, PBIAS ≤ 28%, and R 2 ≥ 0.6) [38, 39] . Figure 2a shows the calibrated and validated result of SWAT for daily dam inflow at seven locations and Figure 2b represents the results for eight days of data of SS, T-N, and T-P at one water quality station located nearby PDD where two main rivers are joined. More detailed information on the results for this study are presented in further papers (see [40] [41] [42] [43] ). 0.6) [38, 39] . Figure 2a shows the calibrated and validated result of SWAT for daily dam inflow at seven locations and Figure 2b represents the results for eight days of data of SS, T-N, and T-P at one water quality station located nearby PDD where two main rivers are joined. More detailed information on the results for this study are presented in further papers (see [40] [41] [42] [43] ). 
Random Forest Algorithm
Machine learning is the study of automated knowledge acquisition from multiple data sources [44] and classified into three learning methods: supervised learning, unsupervised learning, and reinforcement learning. Supervised learning includes algorithms such as Random Forest, Logistic Regression, Linear Discriminant Analysis, K-nearest Neighbors Classifier and Gaussian Naïve Bayes. 
Machine learning is the study of automated knowledge acquisition from multiple data sources [44] and classified into three learning methods: supervised learning, unsupervised learning, and reinforcement learning. Supervised learning includes algorithms such as Random Forest, Logistic Regression, Linear Discriminant Analysis, K-nearest Neighbors Classifier and Gaussian Naïve Bayes. Among them, Random Forest gives good results on many practical problems and has been used in environmental studies. Random Forest, proposed by Breiman [25] , is an ensemble method that generates multiple bootstrap samples, applies the decision tree model to the samples, and then combines the results. One of the disadvantages of decision tree algorithms, the poor prediction performance caused by overfitting to train set, is supplemented by using bootstrap sampling that decreases the correlation between decision trees. A forest is formed by individual decision trees, which is created for each bootstrap sample. After, the Random Forest selects the class with the most votes for every tree in the forest. The performance of Random Forest depends on the strength of the individual trees and the correlation between the trees.
The classification trees in the Random Forest consist of nodes. Nodes are classified based on Gini index by selecting input variables that increase homogeneity within nodes and heterogeneity among nodes at every stage during tree growth from parent nodes to child nodes. The Gini index computes impurity in data using Equation (4).
where r is the number of object variable categories and P(i) is the probability of being classified as i category. A small value of the Gini index indicates low heterogeneity within the node. A candidate value with minimum impurity (the smallest Gini index) is selected as a branch reference value for input variables in data partitioning [45] . In this study, the input variables of algorithm were water quality concentration and water temperature in spring (April to June) and fall (August to October). The AEH index (FAI, TDI, and BMI) grades were used as object variables. Among the 313 AEH monitoring sites, data of 86 sites were used considering the location of water quality observation stations, monitoring sites, and sub-watershed outlets. Although the performance can be improved by tuning the parameters with the number of trees and the variables selected in tree splitting, the default of parameters was adopted because it required less tuning than other algorithms, such as support vector machines [46, 47] .
Results and Discussion

The Stream Water Quality and Temperature Simulated by SWAT
The SWAT simulated the stream water quality concentration (T-N, NH 4 , NO 3 , T-P, and PO 4 ) and water temperature (WT) of the 86 AEH sites to use them as input variables of Random Forest algorithm. Figure 3 shows the annual changes (2008~2015) of precipitation, total runoff, water quality concentration and water temperature considering seasonal variation for the whole watershed. The eight years average concentrations of T-N, NH 4 , and NO 3 were 1.78, 0.12, and 0.25 mg/L respectively. Nitrogen-related water quality was higher in spring than fall, because the paddy rice irrigation in South Korea begins from middle of May with fertilizers. The T-N and NO 3 concentrations were the highest at 2.52 and 0.84 mg/L in spring 2014 ( Figure 3b ) due to decreased stream discharge affected by the severe drought ( Figure 3a) . The average concentrations of T-P and PO 4 were 0.015 and 0.0092 mg/L, respectively. The difference of T-P concentrations between spring and fall were bigger in 2010 and 2011 than the other six years (Figure 3c ). As for the high T-P in fall 2010 and in the spring of 2011, this was due to the high rainfall compared with other years' rainfalls and discharged to stream with particulate-dominant As seen in Figure 4 and Figure 1d , the NH4 showed high concentrations in rice paddy areas along the stream. The NO3 showed high concentration in the urbanized areas of downstream watershed and the highland agricultural areas of upstream watershed. From the NH4 and NO3, the T-N showed more or less high concentrations as it goes to the downstream of the watershed. The T-P and PO4 concentrations were high in the urbanized areas by the sewage discharges and the agricultural areas along the downstream of the watershed. The water temperature was higher in the southern areas of the watershed (Figure 4 ). As seen in Figures 4 and 1d , the NH 4 showed high concentrations in rice paddy areas along the stream. The NO 3 showed high concentration in the urbanized areas of downstream watershed and the highland agricultural areas of upstream watershed. From the NH 4 and NO 3 , the T-N showed more or less high concentrations as it goes to the downstream of the watershed. The T-P and PO 4 concentrations were high in the urbanized areas by the sewage discharges and the agricultural areas along the downstream of the watershed. The water temperature was higher in the southern areas of the watershed (Figure 4 ). 
Performance of Random Forest Classification Algorithm
The ratio for train data and test data was 7:3 in Random Forest application. For the training, the grade of AEH indices (FAI, TDI and BMI), water quality concentrations (T-N, T-P, NH4, NO3, and PO4) and water temperature during the AEH observed period were applied. For the test, the AEH indices grade were verified from the water quality concentrations and water temperature for the Random Forest performance.
Feature importance is calculated as the decrease in node impurity due to splits in each variable. The variable with the higher feature importance is more important as it contributes more to the reduction of node impurity. Figure 5 shows the feature importance of input variables, where the prefix number represents month. During the observing periods, the NH4 in spring and fall showed relatively higher importance than others. It meant that the NH4 had more impact on FAI, TDI, and BMI classification. The T-P in April, and PO4 in April and October were important with BMI. There was weak relationship with water temperature discussed by Woo [48] . 
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Feature importance is calculated as the decrease in node impurity due to splits in each variable. The variable with the higher feature importance is more important as it contributes more to the reduction of node impurity. Figure 5 shows the feature importance of input variables, where the prefix number represents month. During the observing periods, the NH 4 in spring and fall showed relatively higher importance than others. It meant that the NH 4 had more impact on FAI, TDI, and BMI classification. The T-P in April, and PO 4 in April and October were important with BMI. There was weak relationship with water temperature discussed by Woo [48] . Table 2 is the classification report for P, R, F1 score, and S of AEH index grades. The precision (P), known as the positive predictive value, is the ratio of the number of entries belong to a class among output data that are expected to belong to the class. The recall (R) is called the sensitivity. It is calculated as the ratio of the number of entries that are expected to belong to a class among the entries of the class. The F1 score is defined as the weighted harmonic mean of P and R, where the best F1 score is 1 and the worst value is 0. The support (S) is the number of instances in each class [49] .
In spring, the average F1 score of FAI, TDI, and BMI was 0.42, 0.48, and 0.62 and in fall, it was 0.45, 0.40, and 0.58 respectively. The P, R, and F1 of BMI showed the highest values with the biggest S in both spring and fall. As the S was small, the P, R, and F1 value for the three AEH indices had tendency to decrease. Even the S was only eight for grade E in spring FAI, the P, R, and F1 showed high values of 0.50, 0.38, and 0.43 comparing with the grades B, C, and D in the condition of 50, 52, and 30 S. The reason is explained from the high relationship between water quality concentrations and AEH indices for grade E [48] . We can infer that the performance of P, R, and F1 for grades B, C, and D can be improved with S greater than 30, as seen in Table 2 . Table 2 is the classification report for P, R, F1 score, and S of AEH index grades. The precision (P), known as the positive predictive value, is the ratio of the number of entries belong to a class among output data that are expected to belong to the class. The recall (R) is called the sensitivity. It is calculated as the ratio of the number of entries that are expected to belong to a class among the entries of the class. The F1 score is defined as the weighted harmonic mean of P and R, where the best F1 score is 1 and the worst value is 0. The support (S) is the number of instances in each class [49] .
In spring, the average F1 score of FAI, TDI, and BMI was 0.42, 0.48, and 0.62 and in fall, it was 0.45, 0.40, and 0.58 respectively. The P, R, and F1 of BMI showed the highest values with the biggest S in both spring and fall. As the S was small, the P, R, and F1 value for the three AEH indices had tendency to decrease. Even the S was only eight for grade E in spring FAI, the P, R, and F1 showed high values of 0.50, 0.38, and 0.43 comparing with the grades B, C, and D in the condition of 50, 52, and 30 S. The reason is explained from the high relationship between water quality concentrations and AEH indices for grade E [48] . We can infer that the performance of P, R, and F1 for grades B, C, and D can be improved with S greater than 30, as seen in Table 2 . The confusion matrix is used to analyze and understand the misclassified grade analysis showing the number of each grade predicted by the random forest classifier and helps to compute the accuracy of overall and individual class label and to compare the predicted value and actual data set [50] . The matrix diagonal indicates the correspondence between the predicted value and actual ecological status, and it is used to calculate the accuracy of the algorithm [51] . The upper right part of the diagonal represents the number that is predicted to be lower than the real grade, and the lower left part shows the number that is predicted to be higher than actual value. Table 3 shows the confusion matrices for each classification result of Random Forest algorithm for test set. For spring FAI, TDI, and BMI, the sum of lower grade than actual data among misclassified value (upper right part from the diagonal) was 43, 58, and 40 and the sum of higher predicted classes (lower left part from the diagonal) was 71, 84, and 55 respectively. Most misclassified grades were assigned to one rank of grade difference except TDI fall grade E to C (value of 22) and BMI spring grade C to E (value of 11). It showed that the Random Forest classifier model tended to evaluate stream environment as being in better ecological status than the actual with the sum of upper right part from the diagonal (43, 58, 40) was smaller than the sum of lower left part (71, 84, 59). For fall FAI, TDI, and BMI, the sum of lower grade than actual data among misclassified value was 37, 85, and 37 and the sum of higher predicted classes among mislabeling value was 70, 70, and 67 respectively. Both the spring and fall TDI showed the worst predictions of 84 and 85 respectively. The trophic diatom may have other considerable factors such as physical characteristics of bed material and slope environment to represent the healthiness for TDI prediction in addition to the water quality and temperature components. Table 3 . The confusion matrix for each grade of three AEH indices.
Grade
FAI TDI BMI
A B C D E A B C D E A B C D E Spring
Evaluation of the AEH Index to the Whole Watershed Streams
The AEH of the whole watershed was assessed by applying the 86 sub-watersheds Random Forest trained algorithms to 237 sub-watersheds with SWAT results. Tables 4 and 5 show the number of sub-watersheds that evaluated each grade of three AEH indices, and Figures 6 and 7 represent the annual AEH grade. The grade A of FAI and BMI are distributed at the upstream watershed. The TDI grade A does not exist in the watershed and the TDI grades from B to E were sensitive from year to year. This means that the TDI is sensitive to water quality especially NH4 concentration, which has the higher feature importance than others.
As seen in Tables 4 and 5 , the 2011 spring and fall AEH of three indices showed the negative movement from grade A to lower grades compared to other years. Looking at the figures, the bad grades were spread in space with FAI from grades A and B to C, TDI from grades C and D to E, and BMI from grade D to E in spring, and with FAI from grades A to B and C and BMI from grade A to B in fall respectively. As shown in Table 1 , the 2011 spring rainfall and runoff are greater than other years, and this can be the main cause of grade degradation by the increase of pollutant discharges from agricultural areas along the stream and urbanized areas at the downstream watershed. For fall 2011, the large rainfall in July might affect the degradation of AEH of FAI and BMI. 
Summary and Conclusion
In this study, Random Forest algorithm was used to evaluate the aquatic ecosystem health (AEH) of Han River in South Korea. The input variables of algorithm were SWAT stream water quality (T-N, T-P, NH4, NO3, and PO4) concentration and water temperature and the objective variables are the grade of AEH indices (FAI, TDI, and BMI) in 86 stream locations.
The performance of Random Forest was represented as the classification reports and the confusion matrix. The classification results showed that the average accuracy (F1 score) of spring FAIs, TDIs, BMIs, and fall FAIa, TDIa, and BMIa for the input variables were 0.42, 0.48, 0.62, 0.45, 0.40, and 0.58, respectively. The number of data S (support) was lower than 30, and the accuracy showed poor F1 score. From the result of confusion matrix, the algorithm showed that the grade number of predicted classification was greater than that of actual classification. The TDI showed the worst prediction among the indices, which was inferred to consider another input variables such as the 
Summary and Conclusions
In this study, Random Forest algorithm was used to evaluate the aquatic ecosystem health (AEH) of Han River in South Korea. The input variables of algorithm were SWAT stream water quality (T-N, T-P, NH 4 , NO 3 , and PO 4 ) concentration and water temperature and the objective variables are the grade of AEH indices (FAI, TDI, and BMI) in 86 stream locations.
The performance of Random Forest was represented as the classification reports and the confusion matrix. The classification results showed that the average accuracy (F1 score) of spring FAI s , TDI s , BMI s , and fall FAI a , TDI a , and BMI a for the input variables were 0.42, 0.48, 0.62, 0.45, 0.40, and 0.58, respectively. The number of data S (support) was lower than 30, and the accuracy showed poor F1 score. From the result of confusion matrix, the algorithm showed that the grade number of predicted classification was greater than that of actual classification. The TDI showed the worst prediction among the indices, which was inferred to consider another input variables such as the physical characteristics of bed material and slope environment because the trophic diatom is attached in the stream bed materials.
Using the trained and tested Random Forest, the AEH of 86 locations were extended to 237 ungauged locations covering the whole watershed by 237 sub-watersheds SWAT simulation. The result showed that the grade of downstream urbanized AEH was low by and large comparing with the grade of upstream mountainous AEH. Like the 86 locations result, the ecological health of fall was slightly recovered compared to spring by the streamflow increase and the water quality improvement by experiencing the rainy season of June to July.
From this study, it is recommended that measures are taken to recover the stream ecological status where the AEH index is below grade D, generally by agricultural activities in upstream areas and urban sewage discharges in downstream areas. for a target watershed This study can be used to make an aquatic ecosystem assessment of watershed streams that has limited field sites and monitoring data with the help of watershed water quality modeling and machine learning. Further research can be done by including a broad range of factors such as flow rate, stream water depth and width.
